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[57] ABSTRACT

Disclosed is an electronic calculator system having an
input for receiving data and command signals, a mem-
ory for storing inputted data and data to be outputted,
an arithmetic unit for performing arithmetic operations
on the data stored in the memory, a first read-only-
memory for storing groups of instruction words for
controlling the data stored within the memory and for
controlling the arithmetic operations performed by the
arithmetic unit, a second read-only-memory for storing
a set of program codes, each program code being effec-
tive for addressing a selected group of instruction
words and control circuitry for reading out the groups

’gf;::zs:f‘;Skl etal o 34203/51/7,252 of instruction words corresponding to an addressed set
COOK e 34071725 of program codes.
Mock et al .. 340/172.5
Shapiro ... 340/172.5 6 Claims, 3 Drawing Figures
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ELECTRONIC CALCULATOR SYSTEM HAVING
HIGH ORDER MATH CAPABILITY

BACKGROUND OF THE INVENTION

This invention relates to microprocessor systems and
more specifically to electronic calculators having the
capability of solving higher order or complex mathe-
matic problems. Electronic calculators have evolved
from comparatively simple machines which add, sub-
tract, multiply and divide the data entered into the cal-
culator to machines which can perform sophisticated
financial and mathematical operations such as, for ex-
ample, changing polar coordinates to rectangular coor-
dinates or solving compound or annuity interest prob-
lems. The calculator systems developed to date have
had a single or multiple read-only-memory (ROM’s) in
which groups of instruction words are stored as micro-
code. The different groups of instruction words stored
in the ROM cause the calculator’s arithmetic unit, mem-
ory and display to cooperate to perform desired mathe-
matical operations when instruction words are read out
of the ROM. The ROM is addressed or controlled by a
keyboard or other input means associated with the elec-
tronic calculator or microprocessor system. Thus, the
depression of a key causes a selected group of instruc-
tion words to be read out of the ROM and these instruc-
tion words are provided to circuits controlling the in-
putting of data, the storage of data and the manipulation
of data to perform the operation or function invoked by
the key depressed. Thus, the instruction words gener-
ated by the ROM cause data to be entered, stored, and
manipulated using, for instance, an arithmetic unit to
perform such functions as adding, subtracting, multiply-

ing, dividing or performing higher order or complex 3

mathematical operations on the data.

Each instruction word typically has a length of eight
to sixteen binary bits and the performance of even a
relatively simple operation, such as adding two floating
point numbers, requires a group of many instruction
words. For instance, the addition of two floating point
numbers may require as many as 75 instruction words
having thirteen bits each, thus absorbing 975 bits of
ROM area to be able of performing such a simple opera-
tion. Similarly, the subtraction operation has a compara-
ble set of instruction words and so on for other opera-
tions and functions.

Modern electronic calculators now perform sophisti-
cated arithmetic and financial computations such as, for
example, squaring, taking square roots, converting from
polar to rectangular coordinates, computing logorithms
and trigometric relationships, compounding interest,
and other such computations. These computations have
typically been implemented into the electronic calcula-
tor by increasing the size of the ROM to accommodate
the larger number of instruction words associated with
these higher order computations. While the size of com-
mercially available ROM’s has increased during the
past several years, the library of computational pro-
grams desired to be implemented in an electronic calcu-
lator has grown at even a faster rate. For example, it is
desirable to have an electronic calculator capable of
performing an entire library of computations related to
electrical engineering, mechanical engineering, survey-
ing, or the like. However, an electronic engineering
library of computations could comprise, for instance, 45
computational programs or more, each of which require
as many as 600 instruction words implemented in a
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read-only-memory. Thus an entire computational li-
brary would include for example, on the order of 27,000
instruction words of thirteen bits each which would
require many conventional chips to implement the elec-
trical engineering library in a conventional calculator.
Of course, using a large number of chips can signifi-
cantly increase the cost of an electronic calculator as
well as making the packaging for hand-held use more
difficult.

It is an object, therefore, of this invention to improve
electronic calculators and microprocessors.

It is another object of this invention to increase the
number of computational programs stored in an elec-
tronic calculator without correspondingly increasing
the size of the ROM(s) implemented in the electronic
calculator.

It is another object of this invention to permanently
store a large number of computational programs in the
hand-held electronic calculator using a small number of
chips.

The aforementioned objects are satisfied as is now
described. Generally, and in accordance with the pre-
ferred embodiment of the invention, an electronic cal-
culator is equipped with first and second ROM’s. The
first ROM stores a plurality of groups of instruction
words, each group effective for controlling an arithme-
tic unit to perform basic arithmetic operations such as
adding, subtracting, multiplying and dividing, taking
square roots, forming logarithmic and trigonometric
operations and so forth in response to the operation of
the first set of keys on a calculator keyboard. Each of
these groups of these instruction words contains on the
order of 75 to 200 instruction words. Thus, the first
ROM is used as a main ROM as in a conventional calcu-
lator or microprocessor. The second ROM stores a
plurality of sets of program codes. Each set of program
codes are capable of performing a higher order mathe-
matical program and are read out of the second ROM in
response to operation of a second set of keys on the
calculator keyboard. Each program code typically
comprises eight binary bits and is effective for address-
ing a group of instruction words stored in the first ROM
in much the same manner as depression of a key in the
first set of keys. Thus, a set of program codes may
mimic the depression of a plurality of keys in the first set
of keys. Therefore, each higher order mathematical
program is preferably a series of the basic arithmetic
operations stored in the first ROM combined with oper-
ations for entry of data and/or constants. The second
ROM reads out program codes which serve to address
the groups of instruction words stored in the first ROM.
By using the second ROM to store such higher order
calculational programs, a second set of keys can be used
to input commands triggering a long chain of basic
arithmetic operations, including data entry operations,
without the chance of human error and at a much
greater speed than a human operator. Thus, the second
ROM, in the preferred embodiment, stores sets of pro-
gram codes, each program code effective for addressing
the first ROM in much the same manner as a single
depression of a key in the first set of keys; therefore, a
set of such program codes may be advantageously uti-
lized for a large number of higher order of calculational
programs, in an electronic calculator. Since the second
ROM must only store on the order of eight bits, or so,
to select or address an entire group of instruction
words, it should be evident to one trained in the art that
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by utilizing the second ROM herein disclosed that great
economies can be effected in total ROM area, when
compared with prior art techniques. While I have re-
ferred to first and second sets of keys on the calculator
keyboard, it is well known that a single physical key
may be used to perform several functions and therefore
the keys referred to in the first and second sets may be
physically the same keys.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the in-
vention are set forth in the appended claims. The inven-
tion itself, however, as well as further objects and ad-
vantages thereof, will be best understood by reference
to the following detailed description of an illustrative
embodiment, when read in conjunction with the accom-
panying drawings, wherein:

FIG. 1 is a pictorial view of an electronic portable
calculator of the type which may embody the invention;

FIG. 2 is a block diagram of a modern electronic
calculator equipped with one embodiment of the inven-
tion; and

FIG. 3 is a block diagram of another embodiment of
the invention which may be utilized with a modern
electronic calculator of the type depicted in FIG. 2.

DETAILED DESCRIPTION

Referring to FIG. 1, an electronic portable calculator
of the type which may employ features of this invention
is shown in pictorial form. The calculator 1 comprises
the keyboard 2 and the display 3. The display 3, in one
embodiment, consists of fourteen digits or characters,
each provided by an array of light emitting diodes, a
liquid crystal display, gas discharge tube or other dis-
play means. The display is preferably implemented to
having ten mantissa digits, two exponent digits, and two
character places for negative signs, etc., (one for the
mantissa and one for the exponent), thereby permitting
outputting the data in scientific notation for instance. Of
course, the type of display and the number of digits
displayed is a design choice. Ordinarily, the display
would be of the seven segment or eight segment variety,
with provisions for indicating a decimal point for each
digit. The display 2 includes a number of keys (0-9), a
decimal point key, the conventional plus (+), minus
(—), multiply (X), divide (=), and equal (=) keys.
Further the keyboard includes keys for exponentation
{Y*and * V'Y) and trigonometric relationships (Sine X,
Cosine X, and Tangent X). The calculator is further
provided with higher order mathematical keys for such
functions as calculating the mean and standard devia-
tion (Z+, £—, mean, and 8. Dev.), polar/rectangular
conversions (P—R and R-—»P) and the like. Further, the
calculator may be provided with keys for storing and
recalling data for memory, for clearing the calculator
(C) and for clearing the last entry (CE).

In FIG. 2, there is shown in block diagram form, the
basic elements of a modern electronic calculator imple-
mented on one or more semiconductor chips. It is to be
understood that the block diagram of FIG. 2 is not
intended to represent the block diagram of a detailed
representation of electronic calculator, but is merely
intended to indicate how the additional elements of my
electronic calculator system having higher order of
math capability are incorporated into a typical elec-
tronic calculator. Thus, the calculator of FIG. 2, is
shown with a clock 10 which provides clocking signals
for transferring data throughout the electronic calcula-
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tor and provides scanning signals for scanning the dis-
play 3 and keyboard 2 or other data entry means. The
inputs for the keyboard 2 are provided to keyboard
logic 11 which provides an address in response to the
depression of a particular key to program counter 23. It
should be evident to one skilled in the art that keyboard
logic 11, as well as other logic circuitry, may be imple-
mented in the calculator as the elements described or
may be implemented as a part of read only memory 20
and instruction word decoder logic 26.

The address received from keyboard logic 11 is in-
serted into program counter 23 and is utilized in ad-
dressing the First Read Only Memory (ROM) 20. First
ROM 20 stores the microcode for performing basic
arithmetic operations and outputs an instruction word
in response to the address contained in program counter
23. Program counter typically includes an add-one cir-
cuit for incrementing the address in program counter
23. Thus, program counter 23 causes a group of instruc-
tion words to be read out of First ROM 20 in response
to the incrementing of program counter 23, each in-
struction word being read out during an instruction
cycle. The group of instruction words read out of First
ROM 20 corresponds to the address received from
keyboard logic 11.

The instruction words read out of First ROM 20 are
decoded by instruction word decoded logic 26 to pro-
vide instruction commands to program counter 23,
arithmetic unit 15 and data control 14. The instruction
commands provided to program counter 23 enable
branches to be executed by inserting a new address into
program counter 23 in response to a branch instruction
command stored in First ROM 20. Instruction com-
mands provided to data control 14 and arithmetic unit
15 control the manipulation of numeric data in the cal-
cuiator. Instruction word decoder 26 is also intercon-
nected with a counter 17 and a latch 16 in my electronic
calculator system having higher order of math capabil-
ity.

Data control 14 is interconnected with display regis-
ter 19, operational registers 13 and with the arithmetic
unit 15. Display register 19 stores the number displayed
by the display 3 and has associated therewith a plurality
of operational registers 13 which are used in conjunc-
tion with arithmetic unit 15 to perform arithmetic oper-
ations in response to particular instruction commands.
Output drivers 12, interconnect display register 19 with
a display 3 for decoding the electrical signal, stored in
display register 19 and for driving display 3. Data con-
trol 14 comprises a series of selector gates for intercon-
necting the appropriate operational registers 13 and
display register 19 with the arithmetic unit 15, with
portions of instruction words, (if need be), or with logic
signals from keyboard 2 (if need be).

Numeric data is inputted into display register 19 from
keyboard 2 either by a data path from keyboard logic 11
via data control 14 under the control of appropriate
instruction commands or by inputting selected portions
of an appropriate instruction word in response to se-
lected instruction commands. The electronic calculator
system hereinbefore described, that being the portion
shown within the reference. A dashed line in FIG. 2,
basically corresponds to the type of electronic calcula-
tors known in the prior art. Examplary of the prior art
calculators systems is the calculator system disclosed in
U.S. Pat. No. 3,922,538, issued to Cochran et al. on
Nov. 25, 1975, and assigned the assignee of this inven-
tion.
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Also in FIG. 2, there is shown a counter 17 and a
latch 16 which is responsive to outputs from instruction
word decoder logic 26. The counter 17 has an output
for addressing a Second ROM 18. Second ROM 18
outputs a program code in response to the inputted
address, the program codes being outputted via latch 16
to program counter 23. When keyboard logic 11 de-
codes keyboard outputs indicating that a higher order
of math calculation is to be executed, the higher order
of math calculation being preferably a series of basic
arithmetic functions and operations of the type imple-
mented in First ROM 20, keyboard 11 preferably inputs
an address into program counter 23 which causes First
ROM 20 to branch to a location therein for calling a
program from Second ROM 18. When a program is
called from Second ROM 18, instruction word decoder
logic 23 first sets latch 16 to permit the program codes
outputted by Second ROM 18 to be inputted into pro-
gram counter 23. The program codes outputted by
Second ROM 18 effectively jam an address into pro-
gram counter 23 for addressing First ROM 20. The first
such code preferably causes the First ROM 20 to
branch to a location for performing the first basic arith-
metic operation or function required by the Second
ROM 18 program. The program codes may take the
same logical format, for instance, as the output from
keyboard logic 11. When calling a program from Sec-
ond ROM 18, instruction word decoder logic 26 also
jams an address into counter 17, the address being the
first location in Second ROM 18 of the called program.
It should be evident moreover, that counter 17 could be
loaded with an address directly from keyboard logic 11
in lieu of from instruction decoder logic 26, this being
essentially a design choice.

After the first program code is read out of Second
ROM 18 via latch 16 and loaded into program counter
23 then First ROM 20 cycles through a group of in-
struction words to accomplish the indicated basic arith-
metic operation or function. Of course, the number of
instruction cycles required to accomplish the indicated
operation or function depends on, for instance, a num-
ber of instruction contained for that basic operation or
function in First ROM 20. As is well known, those
operations or functions which are accessible via key-
board logic 11 from keyboard 2, usually contain instruc-
tion words for causing the display to be enabled at the
end of the function or operation addressed in First
ROM 20. Since, however, another program code is to
be read from Second ROM 18 and inserted into pro-
gram counter 23 upon accomplishment of the indicated
function or operation, counter 17 includes an add-one
circuit which is responsive to, for instance, a display
command or other such command located near or at the
end of a group of instruction words in First ROM 20 for
accomplishing a basic arithmetic operation or a func-
tion. When the display command or other such com-
mand is decoded by instruction word decoder logic 26,
the add-one circuit in counter 17 increments and causes
Second ROM 18 to read out the next program code of
the called program via the set latch 16 to program
counter 23, which in turn causes First ROM 20 to cycle
through another group of instructions to accomplish the
function or operation indicated by the outputted pro-
gram code. Again, towards the end of this next basic
arithmetic function or operation, a display code or
other such code will be decoded in instruction word
decoder logic 26 causing the add-one circuit in counter
17 to increment counter 17, the cycle repeating itself.
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The advantages of my Second ROM 18 and associ-
ated counter 17 and latch 16 should be evident to one
trained in the art. This system permits equipping an
electronic calculator with the capability of performing
higher order calculational programs: for instance,
changing polar coordinates to rectangular coordinates,
doing financial calculations or solving complex engi-
neering equations using significantly less total ROM
area than would be required if such programs were
implemented only in First ROM 20. Additionally, it
should be evident that while the foregoing discussion
has suggested that a program code read from Second
ROM 18 mimics keyboard logic outputs from keyboard
logic 11, the program codes read from Second ROM 18
could, in lieu thereof or in addition thereto, have codes
which do not mimic the outputs from keyboard logic
11, but rather, for instance, would cause the program
counter 23 to branch to locations in First ROM 20
which are not directly accessible from the keyboard.
Thus an output from Second ROM 18 may cause pro-
gram counter 23 to branch to a location in First ROM
20 which could not be accessed directly from the key-
board 2 via keyboard logic 11. One purpose for such a
program code would be a program code in a called
program to indicate that the end of the program had
been reached. This program code, which I shall refer to
as the “return” program code, preferably causes pro-
gram counter 23 to branch to an address location in
First ROM 20 which would contain a group of instruc-
tions for resetting latch 16 and for displaying the con-
tents of display register 19. The display instruction pref-
erably follows the reset latch instruction, so that when
the display command causes counter 17 to increment (if
so used), no branching will occur in response thereto at
program counter 23. Also latch 16 inhibits outputs from
Second ROM 18 from being inserted into program
counter 23 whenever a display instruction or other such
instruction is decoded by instruction word decoder
logic 26 incrementing the add-one circuit in counter 17
when the calculator has not called a program from
Second ROM 18.

Referring now to FIG. 3, there is shown a partial
block diagram of a second embodiment of my calcula-
tor system having higher math capability. The latch 16
and counter 17 are interconnected with program
counter 23 and instruction word decoder 26 as done in
the embodiment shown in FIG. 2. In fact, this embodi-
ment is similar to the embodiment in FIG. 2, except that
a superroutine stack register 21 and an associated super-
routine latch 22 have been interconnected with counter
23; stack 21 is responsive to outputs from instruction
word decoder logic 26. Thus, the program codes out-
putted from Second ROM 18 are passed to program
counter 23 via latch 16; counter 17 is used to address
Second ROM 18 and is responsive to instruction word
decoder logic 26 for inserting an initial address therein
and for incrementing that address in response to de-
coded display commands, for instance. The superrou-
tine stack 21 functions to either receive an address from
counter 17 or to output an address to counter 17, both
functions being in response to outputs from instruction
word decoder logic 26.Superroutine stack 21 is a multi-
level stack and functions in normal last-in-first-out
mode. Superroutine stack 21 may be advantageously
utilized in calculator systems with higher math capabil-
ity so that the program codes stored in Second ROM
18, in addition to prescribing addresses for performing
basic arithmetic operations and functions according to
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microcode stored in First ROM 20, may also use First
ROM 20 for addressing Second ROM 18 itself. The
advantages of this superroutine stack 21 may be best
seen by example. For instance, Second ROM 18 may be
implemented with program codes to perform the facto-
rial function, and during the calculation of statistical
programs, such as combinations and permutations, it is
often advantageous to be able to use the factorial func-
tion. If a factorial function and the statistical combina-
tion function are both implemented in Second ROM 18,
then the combination function program may call the
factorial function, if a superroutine stack 21 is utilized.
The point of exit from the combination function pro-
gram must be stored so that the program can return
thereafter accomplishing the factorial function. Thus,
the address in counter 17 to which the program must
return in Second ROM 18 after accomplishing the fac-
torial function is stored in superroutine stack 21 because
a new set of addresses will be loaded into counter 17
when the factorial function is executed. Whenever an
address has been stored in superroutine stack 21, super-
routine latch 22 is set. Further, as aforementioned, the
factorial program will preferably have a “return” pro-
gram code loaded in Second ROM 18 at the end
thereof. This return code normally causes latch 16 to be
reset. However, the return code is inhibited from setting
latch 16 when superroutine latch 22 has been set. Latch
16 is not reset at this time because the program codes
being read from the Second ROM 18 must continue to
be inserted in program counter 23 to carry out the main
program, e.g., the combination function program in the
aforementioned example. Although the return code is
not used to reset latch 16 if superroutine latch 22 is set,
the return code is used to “pop” the address in the stack
back into counter 17. Since stack 21 is a multi-level
stack, several levels of “superroutines” may be utilized.

Referring now to TABLE I, there is shown a listing
of the Second ROM code as is presently used in the
SR-56 calculator manufactured by Texas Instruments
Incorporated. The programs in the Second ROM are
called by first pushing a function key (f(n)) and then
pushing a number key. The number “0” key is used for
calling standard deviation, the number “1” for calling
mean, the number “2” key calling polar to rectangular
conversions, the number “3” key for calling rectangular
to polar conversions, the number “4” key for calling the
3+ program to insert data in mean and standard devia-
tion calculations and the number “5 " key for calling the
3 — program to delete data from mean and standard
deviation calculations.

The microcode used in the first ROM in the SR-56
calculator to implement the higher math system therein
is listed in TABLE II. The SR-56 calculator uses two
SCOM chips and one arithmetic chip of the type dis-
closed in the aforementioned U.S. Pat. No. 3,922,538.
U. S. Pat. No. 3,922,538 is hereby incorporated herein
by reference.

When implemented in the SR-56 calculator, the pro-
gram code of the Second ROM 18 is loaded into the
constant ROM of one of the aforementioned SCOM
chips and counter 17 is formed using register F thereof.
Latch 16 is implemented using the tenth flag in the B
flag register which is denoted as BCONST in the mne-
monics of TABLE IL

Referring again to TABLE II, there is shown a pro-
gram listing of the instruction words loaded into the
first ROM in the SR-56 calculator for implementing my
higher math system. Reading from left to right, the first
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column contains the first ROM address (in hexadeci-
mal), the instruction word (in binary), the statement
number (merely for information) and various mnemonic
and narrative terms (also for information). The instruc-
tion word format is explained in U.S. Pat. No. 3,922,538.

The function key (f(n) in FIG. 1), in combination
with the number 0-5 keys are used to call a higher order
math program. The microcode in TABLE I causes an
address to be loaded into counter 17 for addressing
Second ROM 18, the address being equal to three times
the number key (0-5) depressed; thus, the zero key
causes the address 0 to be loaded into counter 17, the
number “2" causes the address 6 to be loaded into
counter 17, and so forth. At address 0, there is a “go to”
(GTO) program code which, in combination with the
numbers 02 and 09 located at addresses 01 and 02, cause
a branch to address 29 to occur, First ROM 20 loading
a 29 into counter 17. The standard deviation program
begins at location 29. Similarly, at addresses 03-05 there
are program codes branching counter 17 to address 49
where the mean program begins; at addresses 06-08
there are program codes branching counter 17 to ad-
dress 65 where the polar to rectangular coordinate con-
version program begins; at addresses 09-11 there are
program codes branching counter 17 to location 84
where the rectangular-to-polar coordinate conversion
program starts; at addresses 12 to 14 there are program
codes branching counter 17 to location 56 where the
3+ program begins and address 15 is the beginning of
the = — program. Also in TABLE 1I, in addition to the
addresses of the program codes stored in Second ROM
18 and the associated codes stored at those addresses
there is provided a brief description of the program
code listed.

I have described the invention in connection with
certain specific embodiments thereof. It is to be under-
stood that modification may now suggest itself to those
skilled in the art and that this invention is not limited to
the specific embodiment disclosed, except as set forth in
the appended claims.

TABLE 1
Program Brief Description
Address Code  Mnemonic Comment

00 22 GTO Std. Dev. Entry

01 02 2

02 09 9

03 22 GTO Mean Entry

04 04 4

05 09 9

06 22 GTO P —>R Entry

o7 06 6

08 05 5

09 22 GTO R P Entry

10 08 8

11 04 4

12 22 GTO 2 + Emry

13 05 5

14 06 6

15 12 INV 3 Program

16 35 SUM Deletes entry

17 05 5 from new 2X;in
memory $

18 43 x? xX)?

19 12 INV

20 35 SUM Deletes entry

21 06 6 from new I X2 in
memory 6

22 ol 1 1 in display reg

23 12 INV

24 35 SUM Deletes | from



4,298,949
10

TABLE I-continued

9
TABLE I-continued

Program Brief Description Program Brief Description
Address Code  Mnemonic Comment Address Code  Mnemonic Comment
25 07 7 new N in memory 5 78 34 RECALL
26 34 RECALL 79 08 9 X
27 0? 7 New N in display 80 32
reg. xv_At
28 58 RETURN Exit 81 34 RECALL
29 34 RCL Std. Dev. Program 82 08 2 y
30 077 N 10 83 58  RETURN Exit
31 74 MINUS 84 33 STORE
32 01 1 R—=>P Program
33 94 EQUALS (N—-1 85 08 8 y in memory 8
34 , 20 17X /(N -1 86 00 0 Zero =8
35 64 MULTIPLY 87 32 - Zero in t register
36 52 LEFT PAREN 15 =t
37 34 RECALL
88 33 STORE
2
38 06 6 2X; 89 09 9 X in memory 9
39 74 MINUS 90 47 xzt isx 20
:? 8‘5‘ ?ECALL X 9t 09 9 if yes, go to
i location 98
42 a3 x? =X 0 2 08 8
43 54 DIVIDE 93 01 i otherwise, put I
44 34 RECALL in display reg
45 07 7 N 94 93 +/— change sign {— 1)
46 94  EQUALS ox? 95 12 INV
47 48 SQROOT ax 96 24 COSINE Cos— -1 =¢
48 58 RETURN Exit 97 R Store in t register
49 34  RECALL Mean Program 25 —
50 05 5 X;
51 s4  DIVIDE gg é‘; ;‘ECALL
52 34 RECALL y
53 07 7 N 100 39 EXCHANGE  y put in memory 9,
101 o9 9 x in display reg.
54 94  EQUALS piay reg
Q IXi 30 102 12 INV
Mean | 55— 103 30 PRODUCT
104 09 9 /% in memory 9
55 58 RETURN Exit 105 43 %2 ,)‘IZ 4
56 35 SUM 2 + Program 106 39 EXCHANGE  x?in memory 9,
57 05 5 R Ne“zl ZX;in memory 5 107 09 9 y/x in display reg.
58 43 X (0.9 5 108 12 INV
59 35 suM 5 35 109 25 TANGENT 6 = tan—Y(y/%)
60 06 6 New ZX,* in memory 6 1o 51 CE Clears error if
61 01 1 1 in display reg overflow
62
22 GTO calculfile new N 1t1 39 EXCHANGE € in memory 8,
63 02 2 by going to loca- R
tion 24 112 08 8 ¥ in display reg.
o4 o 4 40 183 43« y?
65 33 STORE 114 35 SUM 22 w2
P —}R Program 115 09 9 x* + y° = R%in memory 9
66 08 3 P 16 34 RECALL s
117 09 9 R
67 23 SINE SINE @
68 39  EXCHANGE 18 4 SQRoor NT &
69 08 8 45 B
9 ésin 9 in 119 33 STORE
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What is claimed is:

1. In an electronic microprocessor system, having
input means for receiving data and for receiving input
commands, output means for outputting data, a memory
means for storing data received and data to be output-
ted, an arithmetic unit for performing arithmetic opera-
tions on data stored in said memory, and a first read-
only-memory for storing groups of instruction words
for controlling arithmetic operations performed by said
arithmetic unit, the combination which comprises:

(a) a second read-only-memory for storing a plurality
of sets of program codes, each program code being
effective for addressing a preselected group of
instruction words stored in said first read-only
memory;

(b) addressing means, responsive to selected input
commands, for addressing said second read-only-
memory to read out preselected sets of program
codes in response thereto, said addressing means
including means, responsive to said selected input
commands, for addressing said first read-only-
memory to read-out selected instruction words for
addressing said second read-only-memory, means
responsive to a first selected instruction word for
addressing a predetermined address in said second
read-only-memory and means responsive to a sec-
ond selected instruction word for incrementing the
address addressed in said second read-only-mem-
ory; and

(c) means for addressing said first read-only-memory
in response to the program codes read out of said
second read-only-memory.

2. An electronic microprocessor system according to
claim 1 wherein said first selected instruction word is
outputted from said first read-only-memory in response
to input commands calling a program stored in said
second read-only-memory and wherein said second
selected instruction word is outputted by said first read-
only-memory at the end of at least certain ones of said
groups of instruction words stored in said first read-
only-memory.

3. An electronic microprocessor system according to
claim 2, wherein said means for addressing said first
read-only-memory includes a latch means responsive to
said first read-only-memory for enabling said means for
addressing said first read-only-memory whenever said
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latch means is set and for disabling said means for ad-
dressing said first read-only-memory whenever said
latch means is reset.

4. In a battery-operated, hand-held, electronic calcu-
lating system having a keyboard for inputting data and
input commands, a data memory for storing inputted
data and data to be outputted, a display for displaying
the data to be outputied, an arithmetic unit for perform-
ing arithmetic operations on the data stored in said
memory and a first semiconductor read-only-memory
for storing groups of instruction words, the instruction
words controlling the arithmetic operations performed
by said arithmetic unit, the combination which' com-
prises;

(a) a second semiconductor read-only-memory for
storing a plurality of sets of program codes, each
program code being effective for addressing a pre-
selected group of instruction words stored in said
first read-only-memory;

(b) means, responsive to selected input commands,
for addressing said second read-only-memory to
read out preselected sets of said program codes in
response thereto; said means including a program
address register, means for incrementing the ad-
dress in said program address register in response
to a control signal and means for generating said
control signal towards the end of the groups of
instruction words outputted from said first read-
only-memory in response to the program codes
read out of said second read-only-memory; and

(c) means for addressing said first read-only-memory
in response to the program codes read out of said
second read-only-memory.

5. The calculator according to claim 4, wherein said
means for addressing said first read-only-memory in-
cludes a program counter and latch means having set
and reset states, said latch means being set in response to
said selected input commands and being reset in re-
sponse to the reading out of a last program code in a
group of program codes read out of said second read-
only-memory, said latch means communicating said
program code to said program counter when said laich
means is set.

6. An electronic, handheld calculator comprising:

(a) a keyboard having a first plurality of function keys
for inputting selected function commands to said
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calculator and a second plurality of function keys
for inputting other selected function commands to
said calculator;

(b) first read-only-memory means for storing groups
of instruction words;

(c) an instruction register for addressing said first
read-only-memory means;

(d) second read-only-memory means for storing
groups of program codes;

{e) a program counter for addressing said second
read-only-memory means;

(f) a keyboard register;

(g) keyboard logic means for inserting a unique ad-
dress in said keyboard register in response to each
depression of one of the keys at said keyboard;

(h) means for outputting the contents of said key-
board register to said instruction register;

(i) latch means;

(j) an arithmetic unit;

(k) instruction word decoder means responsive to the
instruction words outputted from said first read-
only-memory means for controlling said arithmetic
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unit to perform said selected function commands
inputted at said keyboard;

(1) means for setting the state of said latch means in
response to the depression of one of said second
plurality of keys;

(m) means for inserting an address into said program
counter in response to the depression of one of said
second plurality of keys;

(n) means for incrementing the address in said pro-
gram counter in response to a control signal;

(o) means responsive to the state of said latch means
for inserting into said instruction register the pro-
gram code outputted from sadi second read-only-
memory mearns;

(p) control means for generating said control signal
towards the end of the groups of instructions
words outputted from said first read-only-memory
means in response to the program code inserted
into said instruction register; and

(q) means for resetting the state of latch means in
response to the reading out of a last program code
in a group of program codes.

* * * * *



